Energy efficiency in industry is a crucial topic for Turkey, as the country has an import dependency of 80 percent in energy. Although the importance of enhancing energy efficiency in industry is widely acknowledged, there has not been any study examining the energy efficiency in Turkish industry at micro level. Employing a sound decomposition methodology on a firm-level data set of manufacturing firms, this paper documents that there was a significant decrease in the energy intensity of firms over 2005-12. In contrast, structural change across manufacturing sectors and across firms within sectors had positive but limited effects on the overall energy efficiency over the period. 
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I. INTRODUCTION
Energy efficiency in industry is a crucial topic for Turkey. The country has a structural trade deficit, which in some years in the last two decades reached as much as 9% of its GDP 1 . Among the contributors of the trade deficit, oil and natural gas imports have the lion's share. Having an import dependency of around 80% in energy, US$55 billion of a total of US$84 billion trade deficit in 2014 was due to energy imports (Turkstat). A significant factor underlying such a high energy dependency is that Turkey's manufacturing industry is relatively energy intensive.
While every US$1,000 of GDP requires 0.18 ton of oil equivalent (toe) energy consumption in the OECD, it takes 0.26 toe in Turkey (WB, 2012) . Therefore, there is large room for and great benefits associated with policy effort to increase energy efficiency in Turkish manufacturing industry.
The importance of energy efficiency is recognized by both the Turkish government and the World Bank. The 2012-2014 Medium-Term Program of the government states that "…The systematic pursuit of energy efficiency is therefore a priority and critical for Turkey's energy security, macro/fiscal stability, competitiveness, climate change mitigation and environmental sustainability…" (Ministry of Development, 2012) . Identifying the energy efficiency one of the priority areas the Country Partnership Strategy, the World Bank considers greater energy efficiency and diversification of energy sources keys to reducing Turkey's reliance on external finance (WB, 1012) .
Although the energy inefficiency problem in Turkey is broadly acknowledged, there is a lack of credible studies to be consulted for designing policies aiming at increasing energy efficiency in the country. This is particularly a problem for energy use in industry, which accounted for 33.5% of total final energy use in Turkey in 2014 (GDEA) 2 . Being one of a few studies on the topic, Turkay et al. (2012) compares sectors by their share of energy consumption in total manufacturing costs. The study lists a long series of recommendations to increase energy efficiency in manufacturing facilities. The World Bank report (2015) , on the other hand, outlines an institutional and legal framework to enhance energy efficiency in Turkey.
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Motivated by the importance of energy efficiency for Turkey, the lack of credible studies in this area and the existence of a unique firm-level data set that covers all manufacturing industry over the 2005-2012 period, this study aims to understand how energy efficiency evolved in Turkish manufacturing industry by its components.
Implementing a decomposition analysis, specifically, this study examines the roles of:
 Change in energy intensity of firms (technical efficiency, firm intensity effect),  Shift of production across firms in the same sub-sector (within sector reallocationfirm structural effect),  Shift of production across sub-sectors (across sector reallocation -sector structural effect)
 Production change (activity effect)
in the change in energy consumption of Turkish manufacturing industry over 2005-2012.
The first and second components above can be calculated only by using firm level data. To our knowledge, there is only one study (Petrick, 2015) that used a firm level data set (for Germany) and investigated these two components in the literature. Moreover, to our knowledge, this is the first decomposition analysis for Turkish manufacturing industry in the literature.
Findings in this paper are expected to provide useful insights to design more effective and focused policies to increase energy efficiency in Turkish manufacturing. Therefore, the study aims to indirectly serve to policies for more favorable external balances and better climate results of the energy consumption in the country.
The organization of the paper is as follows: The second section discusses the literature. The third section describes the data set and provides several preliminary figures. The fourth section introduces the firm level decomposition methodology. The fifth section presents the decomposition findings. Finally, the sixth section discusses the findings.
II. LITERATURE
Since their first application in late 1970s, index decomposition analyses have been increasingly used to study the impacts of structural change (i.e. changes in industry product mix) and sectoral energy intensity change in the energy economics literature. They are also widely used by national energy institutions around the world for policy-making purposes.
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Decomposition methods can be broadly categorized in two groups: methods based on the Laspeyres index and methods based on the Divisia index.
Employing a Laspeyres index based decomposition, Jenne and Cattell (1983) In another study, Howarth et al. (1991) examine trends in manufacturing energy use in eight OECD countries, decomposing the changes that occurred between 1973 and 1987 into the effects of changes in aggregate manufacturing activity, industry structure and energy intensities measured at the industry level. They conclude that structural change led to modest reductions in most countries studied.
Underlining theoretical weaknesses of decompositions based on the Laspeyres index, Boyd et al. (1987) propose the Divisia index approach as an alternative to the Laspeyres in energy decomposition analysis. They present substantial empirical support for the hypothesis that sectoral shift in manufacturing production is an important factor in explaining changes in energy intensity. Moreover, Boyd et al. (1988) In order to prepare the data set for computations, monetary variables were deflated by applying sector level wholesale price indices and energy price indices. Since we can properly track only firms that employ 20+ employees every year within the period (due to the fact that firms with fewer than 20 employees are not subject to the census sample), we have to limit the firm level decomposition to firms existing in the data set every Once the total manufacturing production index is set to 100, the corresponding index is computed as 154.0, indicating a 54% increase in the manufacturing industry production over the period. As for sectors, food products and beverages was the sector with the highest production share (14.1%) in 2005. It was followed by textiles (%11.4) and motor vehicles (10.4%) manufacturing sectors. Recording an increase from 14.1 to 21.2, the food products and beverages sector strengthened its leading role in the manufacturing industry production over the period. While the motor vehicles and trailers manufacturing maintained its position, textile manufacturing lost momentum as its index value increased only from 11.4 to 13.9, an increase less than that is observed in the manufacturing industry. On the other hand, other transport equipment, machinery and equipment, recycling, electrical machinery and apparatus, rubber and plastic products manufacturing sectors increased their share in the 9 manufacturing industry production as the growth in the production of these sectors have been higher than the average growth of the production of the manufacturing industry during the 2005-2012 period.
Figure 2: Production Index of Manufacturing Sectors (2005 total=100)
Finally, we present energy intensity by sector in Figure 3 . Energy intensity is calculated as 100*energy consumption value divided by the production value. In 2005, other non-metallic mineral products were the most energy intensive sector (13.1%) by a wide margin. It was followed by basic metals, textiles and pulp and paper products. The increase was particularly significant in coke and refined petroleum products manufacturing, from 1.5% to 3.0%. Although the energy intensity of the other non-metallic mineral products decreased by 1.8% points, it continued to be the highest energy intensive sector with 11.3%.  The Divisia index uses logarithmic change, unlike the Laspeyres index, which makes use of the concept of percentage change. Tornqvist et al. (1985) present the merit of using the log change and point that it is the only symmetric and additive indicator of relative change, whereas the ordinary percentages are asymmetric and non-additive.
 Among those based on Divisia, the Arithmetic Mean Divisia Index (AMD) methods fail the factor reversal test and can yield a large residual, which may significantly limit the usefulness of the decomposition for policy purposes 5 .
 Although the log-mean Divisia Index Method-II (LMDI-II), proposed by Ang and Choi (1997) , solves the problem of the residual, it is not consistent in aggregation Adapting the Log-Mean Divisia Index-I decomposition, originally developed for sector level analysis, to firm level data, the general formula of our decomposition methodology becomes the following
where s, f, E and Q stand for sector, firm, energy consumption and production, respectively.
Then, change in the energy consumption of the manufacturing industry between the base year ( 0 ) and the end year ( T ) can be decomposed into components as follows:
In the equation above:
 D man is the total change in the energy consumption in the manufacturing industry,  D act is the activity effect, the change in the aggregate associated with a change in the overall level of the activity in the manufacturing industry,  D strs is the sector structural effect, the change in the aggregate associated with a change in the relative shares of sectors in overall manufacturing,  D strf is the firm structural effect, the change in the aggregate associated with changes in the relative shares of firms within sectors,  D intf is the intensity effect, the change in the aggregate associated with changes in the firm energy intensities.
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Formula to compute components of decomposition are as follows:
  The sharp increase in production activity was the main factor behind the rise in energy consumption in the manufacturing industry. Over the whole period, production activity increased by 51.1%. The increase was particularly noteworthy in 2010 (14.5%) and 2011 (15.6%), following a 10.0% decrease in 2009. On the other hand, sectoral structural effect (Figure 6 ), change in the aggregate energy consumption due to shift of production across sectors with different energy intensity/efficiency levels, and firm structural effect (Figure 7) , change in the aggregate energy consumption due to the shift of production across firms with different energy intensity/efficiency levels within sectors were both very small over the period. Specifically, the shift of production towards more energy efficient sectors in the manufacturing industry and more efficient firms within sectors had a 2.1% and 1.6% contractionary impact on the aggregate energy consumption in 2012 relative to the aggregate energy consumption in year 2005.
V. DECOMPOSITION RESULTS

Firm
Figure 6: Sectoral Structural Effect on Energy Consumption (Dstrs)
We do not detect a statistically significant correlation between the sectoral structural effect index and the firm structural effect index, indicating that these two effects do not necessarily act in coordination.
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Effect of Firm Selection on Firm Level Decomposition Findings
Remember that for conducting firm level analysis we had to work only with 9,379 specific firms that exist every year over the 2005-2012 period. One consideration pertaining to the firm level decomposition findings is the degree to which they are representative of the energy patterns of the whole manufacturing industry. Since these firms account for 72.5% of energy consumption and 66.5% of production the manufacturing industry, we do not expect firm selection has a significant negative impact on the quality of our findings above. However, in order to get an educated idea about this, we below run traditional sector level decomposition by first using the whole universe of firms and second by using only those specific 9,379 firms 9 .
The decomposition findings presented in Table 2a and Table 2b are very similar. Therefore, we conclude that not being able to cover all firms in the firm level decomposition does not pose a big problem for the representativeness of that decomposition of the whole manufacturing industry. 
VI. DISCUSSION OF FINDINGS
In this section, we first discuss our firm level decomposition findings by comparing with the findings of the only firm level study in the literature - Petrick (2015) for the German manufacturing industry. Although the time period of that study is different from ours, we still conduct such a comparison as it is the only firm level decomposition analysis in the literature and we believe that energy dynamics in an industry is not likely to change significantly over a short period of time. Comparison by each decomposition component is given in Table 3 . Second, although their magnitudes by country differ significantly, the activity effect has been the main driver of the change in aggregate energy consumption in both countries with 51%
for Turkey and 15% for Germany. Third, both the sectoral structural effect and the firm structural effect had a more contractionary effect on aggregate energy consumption for Germany (-6% and -4%, respectively) than for Turkey (-2% for both effects). This implies that, although across-sector and across-firm within-sector production reallocation has been towards energy efficient sectors/firms in both Germany and Turkey, these effects were much stronger in Germany. Finally, while the energy intensity effect for Germany was almost stagnant over 2000-2007 with a mere 1% increase, the energy intensity of a specific firm decreased by on average an impressive 13% over the 2005-2012 period.
To recap, using a firm level decomposition methodology, we documented that, rather than across sectors structural change, and within sector across-firm structural change, the activity effect and the firm intensity effect were the drivers of the change in energy consumption in Turkish manufacturing industry over the 2005-2012 period. With the superiority of firm level analysis over sector level analysis, we could show in this study that the energy efficiency increases within sectors seen in Table 2a and Table 2b are from the increase in firm level efficiency rather than shift of production towards more energy efficient firms within sectors.
As for policy implications, we believe that there are two areas that need to be investigated further for designing policies aiming at higher energy efficiency in Turkey. First, the very small role of the production shift from higher energy intensive sectors to lower energy intensive sectors (sector structural effect) as well as from higher energy intensive firms to lower energy intensive firms within-sectors (firm structural effect) might be indicating serious market failures and barriers that prevent more energy efficient firms from increasing their share in total production in Turkish manufacturing industry. Therefore, addressing the source of this low-level dynamism could yield useful results for enhancing energy efficiency. 10 In Petrick (2015) , the aggregate CO 2 emissions is decomposed, instead of the aggregate energy consumption. We calculated aggregate energy consumption for that study by deducting the effects of fuel mix change and emission factor of fuels from the aggregate CO 2 emissions presented in that study.
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Second, and in contrast to the structural change, the significant decrease in the firm level , exact reasons can only be revealed by research designed and conducted solely for this purpose.
